Abstract Sanitation delivery in the urban areas of subSaharan African countries has been a chronic issue, particularly difficult to tackle. Under the Millennium Development Goals, the sanitation target in urban subSaharan Africa was missed by a wide margin and witnessed almost no improvement. After 2 years of review, the WHO/UNICEF Joint Monitoring Programme published a new measure of access to sanitation as a baseline for the Sustainable Development Goals. There are a number of improvements in the new measure. However, despite the improvements, the new measure continues to be characterized by an important flaw: it continues to disregard how shared toilet facilities contribute towards the SDG sanitation target. As a result, the new measure does not indicate whether progress is being made in low-income urban areas where a large number of households rely on shared sanitation; nor does it provide a goal that can be achieved in cities of the poorest countries over the measurement period. But, its most egregious failing is that it directs resources towards investments which will often fail cost/benefit tests. In sum, it is not a surprise that a Working Group recommended that the measure should be changed to include some shared facilities. Following the Working Group's recommendation would have avoided the adverse consequences of continued reliance on a key component of the methodology used for monitoring sanitation improvements under the Millennium Development Goals. The paper discusses the limitations of this methodology in the context of urban sub-Saharan Africa, where current sanitation conditions are seriously lacking, and the significant future urban population growth will add more pressure for the delivery of vital sanitation services.
Introduction
Most urban residents in sub-Saharan Africa (SSA) lack access to basic sanitation. The costs of this situation in terms of health, productivity, and loss of dignity are extraordinary, with a massive disease burden associated with deficient hygiene, sanitation, and water supply [1, 2] . At present, only 41% of urbanites have access to individual household latrines [3] , and more than half of the urban population lives in slums [4] , where sanitation conditions are seriously lacking and facilities are often shared among households. More importantly, according to the measurement made for the Millennium Development Goals (MDGs), over the past 25 years, sanitation conditions in urban areas of the region have improved only slightly, by only two percentile points and from a very low baseline [3] . Most of these improvements were the result of the increased use of septic tanks, as the share of urban population with access to sewer connections in urban SSA has actually decreased from 13% in 2000 to 11% in 2015. Many of the cities in which the share of the population in slums increased also had increasing per capita incomes [5] , suggesting a historical parallel with Britain during the mid-nineteenth century, where economic growth alone did not contribute to improved health but rather posed critical challenges to health and welfare [6] .
The WHO/UNICEF Joint Monitoring Programme (JMP) recently published a new approach to the measurement of access to sanitation for use in the Sustainable Development Goals (SDGs) [3] . The new measure shows just how complicated it is to monitor access to sanitation in urban areas: quantifying the number of people with such access goes beyond measuring individual behavior, to concerns about how safely excreta are managed and treated. JMP's new approach demonstrates considerable sensitivity to these broader measurement issues by adopting a new system for the monitoring of sanitation conditions making it now possible to disaggregate and evaluate sanitation access according to different rungs of a ladder. According to this new framework, the JMP now divides improved sanitation facilities into three categories: limited, basic, and safely managed services. The population using improved facilities that are shared with other households is now being called limited rather than shared. Individual facilities are categorized as either basic or safely managed services, depending on how excreta are managed.
However, on the core measurement issue-whether facilities used by more than one household count towards fulfilling the SDG sanitation target-JMP rejected the recommendations of its Working Group [7] . In particular, JMP rejected the Working Group's recommendation that facilities shared by the lesser of either five families or < 30 people who are known to each other should also be considered as at least basic sanitation services. Instead, its new measure calls for a continuation of the use of individual household units representing access to basic sanitation. As a result, shared facilities, such as those used by more than one third of sub-Saharan Africa's (SSA) urban residents, are now considered to provide limited improvements to sanitation, but do not contribute to the SDG sanitation target [8] .
This decision has elicited a debate. Some authors argue that the definition should be changed to include some types of shared facilities [9] [10] [11] . Others say that considerable caution is warranted in such broadening of the definition [12, 13] .
The objective of this paper is to discuss the implications of the current definition for measuring access to sanitation in the case of urban SSA, a rapidly urbanizing region with very low levels in access to sanitation. We show that when the empirical results are carefully examined, the evidence does not support the claim that sharing a sanitation facility with just one to two other households can increase the risk of Bmoderate to severe diarrhea^in young children [14] . Nor does the argument for caution imply that considering shared facilities invalidates the recommendation of the Working Group.
But more than disputing the evidence in support of the JMP decision, we also show that this decision will likely lead to the following: Cumulatively, when these failings are considered, the rejection of the Working Group recommendation appears to be a case of the BPoor Numbers^ [15] that characterize data collection in much of sub-Saharan Africa, a process that results in what has been referred to as BAfrica's statistical tragedy^ [16] . In this perspective, the tragedy occurs because donors undertake Bstatistical activities…they need data for their own purpose-to publish reports…^ [17] .
The plan of the paper is as follows. The next two sections consider the conceptual and empirical evidence on the various measures. Then, BThe Cost and Benefits of Sanitation Investments and Donor Perspectives^details how the investments implied by JMP's definition fail cost-benefit tests and are likely to adversely affect international aid. The final section concludes with a discussion of the future implications of the current sanitation measure in light of the expected demographic prognostications for urban SSA.
Evidence on the Definition of Access to Basic Urban Sanitation JMP's position is that shared facilities do not constitute improvements towards the SDG sanitation target. Perhaps, the main problem with this approach is that it sets the quality bar too high. For example, many shared facilities are indeed sanitary but do not count as basic. For example, in a recent study, 75% of facilities in Kampala's slums shared by four or fewer families were found to be sanitary [18] . A similarly high share of shared facilities was found to be sanitary according to the 2016 South African General Household Survey [19] , while another study [20] found that in Dar es Salaam, shared facilities were often more sanitary than individual units. It is clear, then, that there is considerable heterogeneity across places [21] . As a result, there is no simple way to simply add shared facilities to the JMP estimated indicator of individual units to solve this shortcoming.
However, heterogeneity across service levels does not imply that the quality of service offered by shared facilities is likely to be as high as it is with individual units. For example, beyond a certain number of users, the physical cleanliness of facilities declines sharply [18] . For instance, in the case of Harare, ecosan toilets shared among five households or more proved difficult to maintain [22] . This has been also supported by a recent study which concluded that compared to private sanitation facilities, all shared facilities should continue to be classified as 'unimproved' for monitoring global sanitation [14] . However, the median number of people sharing a facility in this analysis is 45, 50% more than the ceiling of 30 people recommended by the JMP Working Group. The same study found that sharing between two households did not have a significant effect on the incidence of diarrhea.
JMP's concern that counting shared facilities would lower standards has also been supported by another recent meta-analysis that found that the odds of experiencing diarrhea are considerably higher with shared units than they are with individual facilities [12] . However, when adjustment is made for confounding variables, shared sanitation was a statistically significant risk factor in only one country, and in only two of the nine studies examined were facilities shared by fewer than five families or 30 people-as per the working group recommendationand of these, one found no discernible effect of sharing.
Hence, the evidence provides little support for the JMP rejection of the Working Group's recommendation. As expected, the results show that the likelihood of unsanitary conditions with individual units is likely to be lower and that there is a positive correlation between diarrhea incidence and the number of users. Nevertheless, because the two types of facilities cannot be simply aggregated does not mean that shared units should not be counted towards the goal if indeed, they are sanitary.
Moreover, too high a standard is not the only problem with the current measure: it simultaneously sets the bar too low. For sanitation services to achieve broader health effects, behavior at both the community level as well as at the household level matters. According to a meta-analysis of 22 studies of the effect of neighborhood and household conditions on diarrhea morbidity, neighborhood sanitation conditions are associated with a similar magnitude of reduction in diarrhea morbidity as are household conditions [23] . There also appears to be a Bherd protectionn eighborhood effect that accounts for a substantial portion of the total protection provided by sanitation interventions [24] . As we show below, the literature suggests that for sanitation interventions to be effective, such herd protection-i.e., widespread availability of servicesmust be present. Unfortunately, many studies, like the proposed SDG measure, fail to account for these neighborhood effects and, thus, focus too narrowly on the improvements yielded by individual units.
Perhaps the only serious, and admittedly not welldefined, estimates of the level at which community participation achieves beneficial neighborhood or herd effects come from two somewhat dated studies [25, 26] . Both studies argue that if service provision falls below 75% of community members, provision by more individual units will not result in a healthier environment. A more recent study confirms these earlier estimates and shows that half of the potential total sanitation health gains are reached only when sanitation coverage reaches approximately 75% of the community [27] . That is, when less than 75% of a community has access to sanitary units, even those with access to individual facilities remain at risk. Unless the provision of individual units exceeds the threshold for general improvement-clearly an uncertain level, but also one that is almost certainly well above the average of 40% now reached by SSA's cities-the measured improvements do not result in better conditions.
In addition, there may be another adverse neighborhood effect that is not captured even by measures that pay attention to the neighborhood effects that can mitigate the positive contributions of individual units. That is, rather than contributing to neighborhood health, new individual units can, in fact, impose increased costs for the rest of a neighborhood. For example, when water closets were first introduced into British cities in the nineteenth century, health conditions deteriorated as the property owners installed the closets [6] . In the absence of the kind of a safe removal system-of the sort now emphasized by the new JMP measure-waste was allowed to empty into the nearest water source, polluting drinking water. As a result, BThe lethal lesson was ...that selective sanitation for the upper classes alone was not a sufficient panacea in the prevention of water-borne disease^ [6] (p. 21). That is, whether the facilities are shared or not, if the waste is not safely removed and treated, neither sort of facility can be counted upon to have beneficial health effects. Particularly in urban SSA where most individual units rely on on-site storage for excreta management, and only 11% of the population is connected to sewer networks, accounting for improvements is very difficult. Furthermore, for SSA, unlike most other regions, there is no obvious way to measure whether appropriate steps are being carried out as data on whether excreta are being safely managed exists only for 8% of the SSA countries [3] . Hence, it is problematic whether this information gap will be filled in the near term.
In sum, the empirical evidence does not provide strong support for the use of the current definition. What about the logic of the approach? Does it lead to better decision-making or resource allocation?
The Definition Sets an Unrealistic Goal for Many Countries
To consider how the current measure affects the ability of SSA countries to fulfill the sanitation SDG, consider the share of urban residents with access to improved sanitation and their income levels. This perspective suggests whether a minimum income threshold might be constraining the ability to purchase what JMP defines as access to at least basic sanitation. Figure 1 plots out the performance on JMP's measure of improved urban sanitation (under the SDG framework, the measure has been renamed BAt least basic^sanitation) in 2015-the closing year of the MDG monitoring framework-and the per capita income levels for SSA countries. It indicates that there is a bunching of observations at low levels of access for countries with low per capita income. With the exception of Senegal, all countries defined by the World Bank as having either a lowincome level, i.e., less than $1045, or lower-middleincome level, up to $4125, provide improved urban sanitation services for less than two thirds of the urban population and in many cases, less than one third. That is, with one exception, countries with low and lowermiddle per capita income have limited access to improved sanitation. In contrast, for countries in the upper middle-income and high-income brackets, four of the eight countries have high levels of access to improved urban sanitation.
Thus, perhaps the main point of the figure is that levels of income rather than just changes in it matter. That is, below some income level, most people cannot afford individual units. In terms of the demand for the kind of sanitation services JMP describes as basic, the figure shows that demand depends upon more than just the income elasticity as is usually assumed to be the case in studying the demand for durable goods. That is, below a threshold income level, increases in income do not lead to increases in demand.
In many respects, this result should not be surprising as an unshared unit, by definition, involves at least twice the initial expenses as does one that is shared by more than one household. Moreover, incomes in the lowerincome and lower-middle-income SSA countries are one third the average of those in the upper-middleincome SSA countries. At the very least, then, investing in an individual facility in a low-income or lowermiddle-income SSA country requires three times more of the average household's income than it would in an upper-middle-income SSA country. Even if the family in a low-income country shared a toilet with only one other family, it would still require that family to pay 50% more of its income than was the case in the uppermiddle-income country. In such a context, it is not surprising that households in lower-income quintiles of low-income countries often have to pay a significant share of income for water and sanitation services [28] .
To put this argument another way, the figure suggests why it is not surprising that in 2015 more than 130 million African urban residents relied on shared toilet facilities. Many of the households who share facilities are in the middle class of their respective countries, rather than poor as would be the case in countries with higher-income levels [21] . The reasons are two: first, SSA contains most of the low-income countries-27 out of 31 countries so categorized by the World Bank; and second, most families in these countries-not just the lowest-income families-have relatively lower incomes and so are unable to afford individual facilities.
But, not only can most African households not afford JMP's notion of basic sanitation provided through an individual unit, they will not be able to do so for a long time. For instance, Fig. 1 shows that in 35 countries, the share of improved users is below the level at which broader welfare gains are thought to be realized-say at least 65% of the households in a neighborhood. If the income levels in these countries are compared with the income levels at which the neighborhood health effects are generally achieved, i.e., the figure suggests about $7000, we find that it will take a considerable amount of time to reach that income level. Indeed, using JMP's measure, in many SSA countries, it is unlikely that progress will be made on this SDG indicator for a generation or more, well beyond the SDG measurement period of 15 years. Thus, the SDG for urban sanitation sets a target that almost certainly dictates failure for many countries.
The Cost and Benefits of Sanitation Investments and Donor Perspectives
But, perhaps the most egregious failing of the new measure is that it will misdirect attention to low return investments. For instance, a recent, global study on the costs and benefits of water sanitation and hygiene [29] implies that the JMP definition will encourage sanitation investments that fail costbenefit analysis. The study presents benefit-cost ratios for investment in sanitation for the different regions, and locations, and finds a benefit-cost ratio for urban facilities in SSA of 1.2. However, this estimate assumes 2.5 families share each facility. Interestingly, this estimate seems to align with current sanitation improvement interventions in lowincome urban areas that involve sharing between landowners and tenants occupying one plot [22] . If instead of sharing these costs across 2.5 families, these costs were incurred by a single household, as is required in order to fulfill JMP's definition to have access to basic sanitation, costs would increase by 150%. With these higher costs, the corresponding benefit-cost ratio for individual units would fall to .8. That is, the type of investments that fulfill the JMP goal would fail traditional benefit-cost calculations.
It is important to note that the above calculation ignores the time of waiting costs which in some instances can account for a significant reduction in benefits [30] . However, for a number of reasons, considering these costs for the limited number of users recommended by the Working Group is unlikely to lead to a change in the cost-benefit calculus. For example, for the East Asian countries where congestion costs were disaggregated, the highest time costs for the additional congestion came largely from the case of Indonesia. In this case, facilities were shared with 100 users, more than three times the largest size recommended by JMP's Working Group. In addition, that study also stresses that the opportunity costs of this reduction in benefits are driven by the per capita income of the facility users. It assumes, for instance, that the costs of the time spent waiting were equal 30% of the average wage for the waiting time in the respective countries. The per capita income of SSA countries is only slightly more than half that of the Indonesia, so that the waiting costs would be much less than the 19% that occurred in Indonesia with its much higher income and group size. Hence, the waiting time for shared units in urban SSA would have considerably less of an adverse effect on the benefits gained from individual units. Thus, even when adjustments are made for the reduced benefits implied by the congestion of shared facilities, it is still unlikely that individual SSA facilities would pass benefit-cost investment tests. The failure of the SDG measure to be able to pass generic cost-benefit tests is also important because it will affect the level of aid flows to specific countries. Donors, such as USAID [31] and DFID [32] , use the SDG measure to report on the effectiveness of their efforts. In addition, organizations such as the World Bank and the Mo Ibrahim Foundation use the JMP data in their measures of governance [33] . These governance measures, in turn, are used as broader indicators of places where aid can be used effectively. Hence, as long as aid distributions are made based on JMP's measure that indicates progress in the fulfillment of the sanitation SDG, less will go to those who need it most and who may well be making significant progress on sanitation conditions.
Conclusion
How, then, does the SDG measure compare with the alternative posed by the JMP Working Group? Our analysis concludes that the measure's continued reliance on individual units as the threshold for basic access provides neither a good measure of performance, nor does it yield information on whether performance has improved. Nor does the empirical evidence support JMP's rejection of the Working Group's recommendation to broaden the definition of access to basic urban sanitation. This position is particularly important for SSA where shared facilities are common. Certainly, the recognition of shared facilities as representing a limited improvement is a step forward; nevertheless, this change does not address many of the shortcomings of the earlier MDG measure of improved sanitation.
As a result, we fear that the current measure will have pernicious effects: it will waste resources, adversely affect aid flows, and provide an aspirational goal that will be unreachable for many countries. Moreover, it is important to consider the policy environment in which these benchmark measures are being made. Most of the SSA urban population already lives in slums which are often growing faster than the city population [4] . These slums already have health outcomes that are significantly worse than elsewhere in the cities and, on some measures, significantly worse than rural areas [34] .
This already under-served, and less healthy population will increase by over 250 million people in the 15 years of the SDG measurement period, and, again, the region has shown almost no improvement in access to basic sanitation conditions over the last 25 years. Indeed, the absolute number without access to basic sanitation in SSA cities has increased by almost 40 million since 1990, and almost 16 million more SSA urban residents now engage in open defecation, than did so 25 years ago [35] . In sum, SSA's cities are operating in a very difficult policy environment.
In this light, JMP's rejection of the recommendation of its Working Group follows a data development path that is not only irrelevant, but is also tragic. Other expert observers, in an earlier multi-donor Water and Sanitation Program study, all agree with the Working Group that a more flexible standard is appropriate [9] [10] [11] . Without a change in its position, the new measure will not be a disinterested effort to come to grips with an important but difficult to measure concept. It will be yet another African statistical tragedy.
